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Algorithms provide precise instructions needed to solve a problem. All computer programs are
algorithms. An algorithm is a step-by-step procedure for solving a problem or carrying out a task.

Uses for algorithms

Algorithms are often used to improve efficiency by removing the need for human input, for example,
share trading on the stock market. A computer following an algorithm can decide which deal to make
far more quickly than a human and a split second difference can be worth millions of pounds.

Constructs of an algerithm

There are three constructs used in an algorithm — sequence, selection and iteration.
Here is an algorithm for a guessing game.

Person A thinks of a number between

Lene = A
Person B makes a guess. Sequence - instructions need to be given in

the correct order for the game to be played

If the guess is too great: successfully.
(a) person A says ‘Too high’\
(b) 90 to 5teP 2. Selection — decisions have to be made and a
If the guess is too small: course of action selected.
(a) person A says “Too low’
(b) qo to step 2. Iteration — previous steps are repeated until there

is a desired outcome (in this case, until there is a
correct quess).

If the guess is correct:
(a) person A says ‘Correct’.

%@rke@% example @ ~ Reusing algorithms
Once an algorithm has been written, it can
- Write an algorithm to make a cup of instant f be reused with slight changes for solving
coffee. It should be annotated to show where similar problems — which is much quicker than
- sequence, selection and iteration have been \ starting from scratch each time.

- used. (S marks)
1 Fill kettle with water. (sequence)
- 2 Turn on kettle. (sequence)

3 Place coffee in the . (seqguence -
| e | cup. (sequence) Selection occurs when a decision has to be

made and iteration is used when a sequence
of activities has to be repeated.

4 Check if the water is boiling. (selection)

| <\
5 If water is not boiling go back to step 4. \\&\\\\\\\\\\

(iteration)
6 Four water into the cup. (sequence)

- 7 |If needed, add milk and sugar. (selection)

- 8 Stir. (sequence)

Algorithms use selection and iteration.
(a) State what is meant by selection. (1 mark)
(b) State what is meant by iteration. (1 mark)
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Algorithms can be displayed using pseudo-code.

Pseudo-code Use of pseude-code

* Pseudo-code is a way of expressing @( Pseudo-code uses commands, keywords and
an algorithm in structured English structures similar to those found in computer
that resembles computer language. languages.

* There are many different varieties @ Pseudo-code cannot be understood by
of pseudo-code but, in your exam, computers, but is used to develop the logic
questions will be written using the of the algorithm without having to bother about
Edexcel version. syntax (the rules of grammar such as spelling or

punctuation).

A human can follow the logic of an algorithm even

if there are spelling mistakes or missing brackets

but a computer cannot execute code if there are

similar syntax errors.

@(’ A solution in pseudo-code is converted into a
programming language such as Python or Java. ]

* You may provide answers in any
style of pseudo-code as long as @
the meaning could be reasonably
understood by a competent
programmer.

Example of pseudo-code

This pseudo-code shows an algorithm for calculating the cost of sending
parcels. The pseudo-code shows the logic of the algorithm.

Variables have been
used, e.g. parcel,
weight and excess.

| SET parcel TO 'y' | Indefinite iteration using
WHILE parcel = 'y' DO # The loop will run while parcel = 'y'-— auwhile loop as the

b f Is to b
' RECEIVE weight FROM (INTEGER) KEYBOARD nomber of paree s to oe

processed is not known

IF weight <= 2 THEN | at the start.
SET cost TO 2 # Parcels up to 2kg cost £2
— ELSE - See page 20 for more
. on WHILE loops.
SET excess TO weight - 2 | L
* .
SET cost TO 2 + excess*3 # Over 2kg the cost is £3 per kg “_ Comments are included
END IF in pseudo-code using the
SEND cost TO PRINTER . # symbol. Comments are
used by programmers to
SEND 'Press 'y' to process another parcel.’' TO DISPLAY  help others to follow their
RECEIVE parcel FROM (STRING) KEYBOARD logic, and to act as a
| _reminder of the logic. It is
END WHILE good practice to include
comments.
Indenting helps with the logic of the algorithm by showing
dependency — everything inside the ELSE block (lines 7 and 8) The user is asked if
is indented to show the lines dependent on this instruction. they want the loop to
The pseudo-code is not going to be executed by a computer, run again.
so indentation is not strictly necessary but it makes the code It will stop if the input
easier to understand. is other than y.

6 |

Write an algorithm that will find the sum of ten numbers entered by a user and output the result.
Use pseudo-code. Include comments to explain how the code works. (6 marks)
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Algorithms can be displayed as flowcharts (also known as flow diagrams).

Symbeols used in flowcharts

D —
Terminal Decision/ Process Subroutine Line
Shows start Selection Shows data Shows a Represents
and end of an | Shows yes/ processing, function or control
algorithm. no or true/ e.g. a procedure that | passing
false decisions | calculation. has its own between the
where there flowchart. other symbols.
are two
possible \
outcomes.

Flowcharts in use
The cost of sending a parcel by courier varies according to the weight of the parcel:
¢ if a parcel weighs <= 2kg, the cost is £2

* if a parcel weighs > 2kg, it costs £2 + £3 X excess weight.
This flowchart represents an algorithm for calculating the cost of sending parcels.

— A terminal symbol is used

for the start of the process.
There is no end, because
iteration is used.

weight =
weight of

\' .
parcel (kg) A process symbol is

used for the entry of Iteration is used to pass
the parcel weight. / control back to the start
of the algorithm:

Output

cost =2 | cost |7 The cost of sending the
parcel is output.
A decision symbol is T
used to check whether

the weight is greater
excess = weight — 2 than 2kg.

l > Process symbols are used
// to calculate the excess

cost = 2 + excess X 3 [— weight and the cost.

You are expected to use the

. correct notation for flowcharts. a

Draw a flowchart for an algorithm to find the sum of 10 numbers and output the result. You do
not have to use the input/output symbol in your answer but you will not be penalised if you do. (5 marks)
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Understanding algorithms

You should be able to write and interpret algorithms expressed as written descriptions and
program code, as well as flowcharts and pseuvdo-code and understand their purpose.

- Examine this flowchart. %
@ (a) State the function of this algorithm. (2 marks)
| The function of the algorithm is to check the

amount a customer has spent.

o If it is more than or equal to £100, then they
amountSpent are given a discount.

The amount they have to pay minus the
discount is calculated.

Is
amountSpent
> =100?

Collect
amountSpent
from customer

(b) (i) State the minimum amount a customer
has to spend to receive a discount.

(1 mark)

£100 i
amountSpent = @ (i1) State the percentage discount a customer ¢

amountSpent — receives if they spend the minimum
(amountSpent/100*10) amount or more. (1 mark)
¢ 10%
Collect (c) Calculate how much a customer would
amountSpent @ have to pay if the amount spent was
1 from customer £150. (2 marks)
150 — (150/100*10) = 150 — 15
= £135.00 S
End
- Study this pseudo-code algorithm and then answer ELSE
the following questions. IF number2 > number3 THEN
- SEND 'Please enter the three numbers.' SEND number2 TO DISPLAY £
TO DISPLAY ELSE
'~ RECEIVE numberl FROM (INTEGER) KEYBOARD
Send number3 TO DISPLAY
- RECEIVE number2 FROM (INTEGER) KEYBOARD END IF
RECEIVE number3 FROM (INTEGER) KEYBOARD END IF

IF numberl > number2 THEN
| IF numberl > number 3 THEN
SEND numberl TO DISPLAY

@ (a) State the purpose of this algorithm. (1 mark)

ELSE
| SEND number3 TO DISPLAY (b) Explain how the algorithm accomplishes
END IE this purpose. (3 marks)
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A student is monitoring the temperature in a Draw a table or matrix to help you visualise ¢
greenhouse three times a day for one week. She how the data is stored,

has stored the temperatures in a 2-dimensional
array named ‘temperatures’ and is creating

an algorithm to find and output the average

~ temperature for each day and output the average
for the week.

The following shows part of her algorithm written
in pseudo-code.

Complete the algorithm by completing or
~ inserting the missing lines of code. (4 marks)
1 SET week TO ©
2 FOR day This will help with the loops that have to be

! 3 SET total TO @ S22 U $

4 FOR temp FROM © TO 2 DO
s SET total TO L SET week 70 © |
| 6 2 FOR day FROM © TO 6 DO
7 SET average TO total/3 @ BT il 1 E
g SET week TO 4 FOR temp FROM © TO 2 DO }
! 9 SEND 'The average for day 5 SET total TO total + temperatures[day, temp]
10 6 END FOR
11 SET weekAverage TO week/7 7 SET Evelae O Sl )
12 SEND ° - 8 SET week TO week + average ]
‘ 9 SEND 'The average for day' & day &
Carefully read the scenario and the ' is ' & average & '.' TO DISPLAY 1
code the student has written. For 10 END FOR
example, there are 3 readings per il S5 e 1) e L

day for 7 days. You will need to know

his when setting up the FOR loops 12 SEND 'The average for the week is ' & !
this when 5 b

weekAverage & '.' TO DISPLAY

Complete the following algorithm which a student created for a guessing game.
SET mysteryNumber TO RANDOM(10)
SEND 'Please enter a number between 1 and 10.' TO DISPLAY
RECEIVE number

1

2

3

4

5 SEND 'Too high' TO DISPLAY

6

7

8 SEND 'Too low' TO DISPLAY
9

.10 SEND 'You guessed it!' TO DISPLAY L
11 END IF
12 (4 marks)
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Interpreting correct outry

It is often difficult to look at an algorithm produced by another programmer and understand what
it does and how it does it.

Dry runs Trace tables

A dry run is a method used to investigate the While the dry run is being worked through, it
functioning of an algorithm. It is a mental or is helpful to use a trace table in which to write
pencil and paper run-through of an algorithm down the values of each variable, input and
that does one step at a time. The following are output and how they change as the program is
examined for each step: running. A trace table has columns for each of
* the inputs needed the variables and rows for each of the steps in
* the data processing the algorithm.

* the outputs.
A dry run can help you to understand an
algorithm and also to find any errors.

An algorithm and trace table CSET list TO [3, 6, 9, 13, 17, 21]
A student has written an algorithm to carry SET found TO False

out 8 near search that oubputs ‘Found T2 RECEIVE item FROM (INTEGER) KEYBOARD
poariieyar search el 19 @one @ glven ot | FOR index FROM @ TO LENGTH (list) - 1 DO |
She tests the algorithm with the following data: IF item - listind HEN
3,6,9,13,17, 21 item = list[index]
| SET found TO True
SEND 'Found' TO DISPLAY
END IF

- END FOR

She uses the number 13 as the search item.

The trace table below shows the values of the
different variables compared with the search
item.

The variable found contains the value
false at the start of the algorithm and is changed to
Columns are

true if the search item is found.
\ /7 used for the

The variable

; ‘ ‘ ‘ variables and
item has item ;found index listlindex] | output the output.
the valve 13 —)—3 \false fe) 3 o
throughout the
running of the false 1 6
algorithm.
? false 2 2 ) The output when
true 3 13 Found —+— the search item
- is found.
true 4 17 | = e
true 5 21
The variable index increments from O to 5, The data items at
as the length of the array is equal to 6. each index position.
Here is an algorithm expressed in pseudo-code. You may not need to fill in all the rows in the table.
SET number TO 3 number index output
FOR index FROM 1 TO 3 DO
SET number TO number + index
SEND number TO DISPLAY
NEXT FOR 3
Complete the trace table to show the execution of
the algorithm. (4 marks)




Problem \
selving

Had a look j Nearly there j Nailed it! [ |

<9

- Investigate the following algorithm and complete a trace table using these values. ¢
At the start of the following algorithm, firstNumber = 2 and secondNumber = 3
- SET total TO firstNumber + secondNumber
~ WHILE firstNumber < total DO
SET firstNumber TO firstNumber + 1
SET secondNumber TO secondNumber + firstNumber
END WHILE (4 marks)
 SEND secondNumber TO DISPLAY

: A table with columns for firstNumber,
secondNumber, total and the output is
‘needed. The variables are shown in the order
in which they appear in the algorithm.

total firstNumberf secondNumberi output

= 5| 6 (i

total firstNumberf secondNumber Lc»utpyftﬁ ]‘ -
5 3 } 6 (. In the first iteration, total = 5 (2 + 3) ana,
iy 25 firstNumber is less than total (2 < 5),
] both firstNumber and secondNumber v\{||l be
total | irstNumber | secondNumber | output | incremented as instructed in the algorithm.
5 3 G
5 | 4 i 10 [ e 1 the next iteration, total is stil equal to 5 as

it 'ia not incremented in the loop. firstNumber is
still less than total (3 < 5), s0 firstNumber and
secondNumber are both incremented as before,

total | firstNumber | secondNumber | output ‘
5 3 6
5 4 10
15

i

0 firstNumber is still less than total so there will
be another iteration.

The WHILE Ioop‘ will run while firstNumber is less than total, total is calculated before the loop
starts and so will never change and is equal to the sum of the starting values of firstNumber and

secondNumber. On the last turn of the loop (when firstNumber = 4), it will be incremented to 5 and
will then stop.

total | firstNumber | secondNumber | output t

5 3 G i
> . 19 firstNumber is now equal to total iotihel
7 i ill break out or the loop.
5 > 15 Qg program execution wi ‘ !
157 ! = ?he value of secondNumber will be printed.
" Now try this @

Here is an algorithm expressed in pseudo-code. the algorithm. You may not need to fill in all the
SET number TO 3 rows in the table.
SEND number TO DISPLAY number index output

FOR index FROM 1 TO 3 DO
SET number TO number + 6
SEND number TO DISPLAY ]

END FOR

Complete the trace table to show the execution of (4 marks)
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and correcting errors

Identifying and correcting errors shows that you understand and can interpret algorithms.

A student has created an algorithm to calculate the average mark When checking for errors yOu must read
~they have achieved in Computer Science. through the algorithm very carefully.
SET total TO @ Check that:

1
2 SET numberEntered TO 1 ® variables have been initialised to
3 SET anotherEntry TO 'N’ the correct values

4  WHILE anotherEntry = 'Y' DO ' * loops have been set up correctly
5

6

7

8

RECEIVE mark FROM (INTEGER) KEYBOARD * speech marks and opening and
SET total TO mark closing brackets match.
SET numberEntered TO numberEntered - 1
SEND 'Do you want to enter another mark (Y or N)?' TO DISPLAY
9 RECEIVE anotherEntry FROM (CHARACTER) KEYBOARD
. 10 END WHILE .
11 SET average TO total / numberEntered
- 12 SEND The average is ' & average & ' marks.' TO DISPLAY F

There are five errors in this algorithm.

Some are logic errors and some are syntax errors. Pseudo-code doesn't
~ Identify and correct the errors. (5 marks) normally have numbered

2  SET numberEntered TO © lines but, in this case,
© 3 SET anotherkntry TO "Y' it makes it easier for

6 SET total TO total + mark WY ondidates to answer the
q7 SET numberEntered TO numberEntered + 1 queguonbysﬂmpb/wmﬁnq

& average & ' marks.'TO DISPLAY  relevant lines of code
rather than having to writé
——— ’ am— i . out the whole algorithm.

12 SEND 'The average is

ﬁg@w try this

- The following is an algorithm for a game where a user has to guess a random number. |
1 SET randomNumber TO RANDOM(10)

2 SET correct TO False )

3 SET goes TO © |
4  WHILE correct False DO

5 RECEIVE guess FROM (INTEGER) KEYBOARD P
6 SET goes TO goes + 1

-7 IF guess = randomNumber 3
8 SET correct TO True

9 END IF i

. 1o IF guess > randomNumber THEN :
11 SEND 'Too low.' TO DISPLAY

- 12 END IF 4
13 IF guess > randomNumber THEN

- 14 SEND 'Too high.' TO DISPLAY L3
15 END IF

. 16 END ]

. 17 SEND 'You had ' & ' goes ' & guesses.' -
There are five errors in this algorithm. Some are logic errors and some are syntax errors.
Identify and correct the errors. (5 marks)
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When large amounts of data are searched, it is essential that the searching algorithm is as
efficient as possible. Standard search algorithms include linear and binary searches.

Linear search

A linear search is sequential. This algorithm starts at the
beginning of the list and moves through item by item until Brute force
it finds the matching item or reaches the end of the list.
To find the number 37 in a list, a linear search would start
at the first entry (20) and simply move to the next item

A linear search is an example
of a brute-force algorithm. It
does not use any specialist

until it finds 37 (or reaches the end of the list). indices techniques, only raw computing
o | 1 2, 3 4 | 5 | 6 7z 1 8 7 power. It is not an efficient
method as each search starts at
20 | 35 | 37|| 40 | 45 | 50 o1 55 | 67 the beginning and keeps going
T T T - until the item is found or the end
z z = of the list is reached.

The number is found on the third comparison at index 2.
Remember: indices start at O.

The efficiency of a linear search
If there is a list of 500 items:

* In the best case, the search item is the first

item found. The smaller the list the more efficient the

\\\\\\\\\\\\\\\\\ linear search.

* In the worst case, the search item is the
last item found — number 500.

(500 + 1)
Average case: — % = 250.5

ﬁ%@rke@i example

It is best to number the steps in case

oo . . . ’ o i wer, the
Describe in words an algorithm for carrying out a linear iteration is needed. In this ans S
search. (6 marks) step numbers aré used for the iterati

command in step 6.
Remember that the length of the list
must be checked to ensure that there
3 are some items to search (5teB|9 1|),

\\\\\\\ 1§ When coding this algorithm a boolean
If they are not the same, then move to the next \\\\ = (see pages 21 and 57) flag would be set
e to ‘yes when the item was found so that
} no further searching would take place.

1 If the length of the list is zero, stop.
Start at the beginning of the list.

Compare the list item with the search criterion.

2
3
4 If they are the same, then stop.
5

6 Repeat steps 3 to 5 until the end of the list is
reached. o

-

““ ~ N@w trv '@his Find out more about arrays on page 23. | Q

Write an algorithm expressed in pseudo-code to ask a user for a search item and carry out a linear search
on data stored in an array to find that item. (6 marks)
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A binary search compares the search item with the median item in a list, repeatedly splitting the
list in half until the item is found or there are no more items left to search.

Binary search Median values

To use a binary search, the list must have @ The median is the middle item in a list.
already been sorted into ascending order. In a list of 13 items, the median item is
A binary search uses a divide-and-conquer the 7th item in the sorted list.
strategy to increase its efficiency: @ If there is an odd number of items in

e select the median the list (e.g. 13) then the median is the
* compare it with the search item 7th number but for an even number of

items (e.g. 10) then the median would
be 5.5 — midway between 5 and 6. The
lower number is used.

It can be found using the formula:
Median = (length of list + 1) DIV 2
Lists of numbers need to be sorted in

numerical order.
Lists of words or text strings need to

¢ if the search item is lower, discard the
median and the higher items

* if the search item is higher, discard the
median and lower items

* recalculate the new median

* repeat this process until the search item is
found (or is not found) in the list.

QK

be sorted into alphabetical order. J

Numbers have been written onto 11 cards that have then been placed face down in ascending order. !
Show the stages in a binary search to see if the number 28 is on one of the cards. (4 marks)
over. The number

i % L
on the median card

The new median is selected
. e i than the
17 . The number on the median ° nggem so the
card is lower than the 66\9 list to t’he left
search item, so the sub-list oo

to the right is used. i© ued:
29

W The left card is turned over The new med'\'an is higherf
than the search item but there is no 5ub—l.|5t to ’Fhe left.
This confirms that the search item is not in the list.

The median card is
selected and turned

i

The search has confirmed that the number 28 is not on any of the cards.

Describe the stages in applying a binary search to the following list to find the number 17.
3,5,9,14,17, 21, 27, 31, 35, 37, 39, 40, 42 (4 marks)

" Now try this @
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The binary search algorithm is more efficient than a linear search but the list has to be sorted into
ascending or descending order.

The efficiency of linear vs binary search

The table shows a comparison for a list of 500 items.

Linear search Binary search
Number of Number of
selections selections
Best | The search item is the first one. 1 The search item is the median. 1
case
Worst The search item is the last one: 500 Assuming that the median 9
case number 500 was too large each time, the
following would be selected:
250, 125, 63, 32, 16, &, 4,
2,1
Average | (500 + 1) 251 (9 +1) 5 |
case — = 250.5 —% = 5.0
That would mean 251 searches. ' That would mean 5 searches.

W@rke@‘i example 6

~ Describe one benefit and one drawback of using
a binary search rather than a linear search.
(4 marks)

A benefit of the binary search is that it

~ uses a strategy to minimise the number of

. comparisons that are made and is therefore y A binary search uses a strategy to red'uce the
more efficient than a linear search when there number of comparisons needed but a linear

- are a lot of items in the list. § cearch starts at the first item and checks

i i i it gets
A drawback of using the binary search is that every one until thellten;\ ||§ found@;):cLl 12 -
the data must first be sorted into ascending to the end of the list. mea{r‘ts i i
 order. Sorting the data will take time and efficient for small numbers Z rems.
reduce the overall efficiency. does not have to be sorted.

D

| Ahmad | Ann | Claire | Denzil | Mary | Matt | Paru [ Stephen | Zoe |
Show the stages of a binary search to find the name Ann in the above data. (2 marks)

A student has the following names of friends stored in a list.

11
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ble sort

Data must be sorted into order to make it easier to understand and to use. There are many
different sorting algorithms. The bubble sort algorithm compares adjacent data items and orders
them. Several passes may be needed to sort the whole list.

Order of sorting

Data can be sorted into:

* ascending order: 1, 2, 3, 4, 50ora, b, c, d
* descending order: 5,4, 3,2,10rd, c, b, a

How bubble sort works
A bubble sort algorithm starts at the beginning of the list and examines the first two items.

—————— They are not in the correct order so they are swapped.
3 6 5 4 They t in th t ord they pped
()]
—————— The second an ird items are compared. They are in the correc
1 2)¢3 6 5 4 Th d and third it pared. They in th t
< order so they are left in place.
o1 2 (3 6) 5 4 ———The next two items (3 and 6) are compared. These are in the correct
order and left in place.
- 1 2 3 6\55) 4 —————— The next two items (6 and 5) are compared. They are not in the correct
()] order so they are swapped.
(V4 1 2 3 5 The next two items (6 and 4) are compared. They are not in the correct
I order so they are swapped.
1 2 3 5 4 6 ——— When the algorithm reaches the end of the list, the first pass has been
completed.
) &
Z M1 2 3 @ @ 6 The first, second and third items are in the correct order so they are
@] (5(3 left in place. The next items (5 and 4) are compared and swapped.
8 o1 2 3 4 5 6 When the algorithm reaches the end of the list the second pass has
(9 been completed. The algorithm will continue with more passes until no
swaps are made. The list will then have been sorted into order.
I —
Worked example @ |

A student has stored the names of some friends in a list.
| David | Claire | Stefan | Sophie | Matt |
Show the stages of a bubble sort when applied to this data

~ tosort it into ascending order. (5 marks)
Pass 1

- Claire, David, Stefan, Sophie, Matt ¢ All the comparisons in Pass 1 are l
Claire, David, Stefan, Sophie, Matt given even if there was no swap (such

35 David/Stefan). Names swapped are
underlined. The names of the passes

Claire, David, Sophie, Stefan, Matt
Claire, David, Sophie, Matt, Stefan

e have also been given.
- Claire, David, Matt, Sophie, Stefan
Pass 3

Claire, David, Matt, Sophie, Stefan

e

A list is made up of the numbers 4, 1, 2, 6, 3, 5.
Show the steps involved when sorting this list using a bubble sort algorithm. (2 marks)

12
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sort

The merge sort algorithm breaks a list into its component parts and then builds it up again with
them in the correct order.

How merge sort works

The algorithm breaks the list into two, and then these into two, over and over again.

e | 3 | 5 | 1 | & | 2 | a4 | 7

1

r"‘
|
O
N
.
N
~N
|

| 6 3 | s

6 3 5

! ! 7
6 | 3 | 5 2 | 4 | 7 |

The items are then reassembled in the same way but in ascending order.
3 is compared with 6, 5 is compared with 1, 2 is compared with 8, 4 is compared with 7 and they
are placed in the correct order.

The leftmost items in each list are the lower items of those lists and the algorithm compares
them — in this case, 3 with 1. The 1 is inserted in the new list and the 3 is then compared with the
second number of the right-hand list (5). The 3 is inserted and the 5 is compared with the second
number of the left-hand list (6). The same method is used for 2, 8, 4, 7 to form two lists.

IENEREE S 2 [ 4 [ 7] &

The two lists are combined to make a final list in the correct order.

7 ] 2 [ 3 | 4« [ s | e | 7 | 8

% For large numbers of items, a merge

sort is far more efficient than a

Worked example

Describe how data is sorted into ascending order

. . bubb :
- using the merge sort algorithm. (2 marks) diwnl emigrz:;lt;e;f:: TI ; oroker
aller ones,
~ The list is divided into two repeatedly until which are then easier to solve

each list has only one item. The lists are
- then progressively merged with the items in -
ascending order.

A list is made up of the numbers 38, 27, 43, 3, 9, 82, 10.

Show the steps involved when sorting this list of numbers using a merge sort algorithm. (5 marks)

13
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abstraction

Computational thinking is a term used to describe the thought processes involved in understanding
problems and formulating solutions in such a way that they can be carried out by computers.

Decompeosition

Decomposition reduces a problem into sub-
problems or components. These smaller parts
are easier to understand and solve. This is an
example of a divide-and-conquer approach.

[
| Problem

| Create a ‘snakes and ladders’ computer game
i'/

j Sub-problems ‘

|
E |

.
Dice throw for each player J

Design of playing area ‘

Positions of snakes and ladders J

I
Movement of each player on board J

w
' Movement up ladders and down snakes ‘

| How does a player finish? ‘

Investigating requirements

All the requirements must be investigated when
analysing a problem.

Inputs — all the data that will be entered by a
user, e.g. how a user will indicate the movements
and speed of a player in a football game.

Outputs — all the data that must be displayed
to the users and how it will be displayed, e.q.
as text or as images.

Processing — how the rules abstracted will
be coded into the program, e€.q. how the new
position of a user will be calculated.

Initialisation — the values to which any
variables must be set at the beginning of the
program, e.q. SET score TO O.

%@?k’%e@ example

In a computer ‘Snakes and Ladders’ game, there
is a function named ‘dice throw’ which is called
whenever it is a user’s turn.
Give a reason why this function is an abstraction.
(1 mark) .

The “dice throw’ function is an abstraction
because if focuses on the essential purpose
of throwing a dice, i.e. to generate a number
between 1 and 6, and ignores non-essential
aspects of the problem, e.g. the colour of the
dice or whether or not a shaker is used.

*J

Abstraction

Abstraction identifies essential elements that
must be included in the computer models of
real-life situations and discards inessential ones.

For a computer model of ‘Snakes and Ladders’,
the sub-problem ‘Dice throw for each player’
includes the essential element: ‘Generate a
random number between 1 and &6°.

Inessential elements would include whether you
use a shaker, how long you shake it for and how
far you throw the dice.

Real life

Dice throw for
each player

Computer model

Generate a random
number between 1 and 6.

Move counter Calculate new position.

Calculate if user is in
same position as start of |
a ladder or snake.

| Calculate new position.

Move up a ladder
or down a snake

Abstraction and computer

modelling

Computer programs can be used to model
and simulate real-life situations such as
weather and financial systems. If these are
to provide meaningful results, then the
rules that govern them must be abstracted
accurately.

For example, in the financial model used by
the Chancellor of the Exchequer:

* the actual effects of raising and lowering
tax rates must be studied

* the rules are then abstracted for the
computer model.

For example, if tax is lowered by a certain
percentage then the percentage increase in
employment and the sales of products must
be abstracted accurately for the model.

Describe what is meant by the following terms:
» decomposition

* abstraction. (4 marks)
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Variables and constants are used to store values in algorithms and programs. Variables can
change while a program is running. Constants must not change while a program is running.

Identifiers
Variables and constants have names or identifiers.

Identifiers describe the data being stored.

¢ Short identifiers are easier to spell correctly
each time they are used.

* Long identifiers can be used if they are more
descriptive, e.g. firstName.

|ldentifiers cannot be the same as reserved
words such as print or while. °

Naming conventions
Variable and constant identifiers must
be consistent throughout the program.

Camel case uses lower and upper case
characters. (FirstName or PricePerKilo)

The first word can be lower case.
(firstName or pricePerKilo)

In snake case the words are linked with an
underscore. (first_name or price_per_kilo)

Variables

constants

Assignments

An assignment is the association of a piece
of data with a variable or constant, e.qg.
SET index TO O. Often the assignment is
done as an input, e.g.

' RECEIVE name FROM (STRING)KEYBOARD

The value assigned to a variable can be
output to the user, e.q.

- SEND name TO DISPLAY |

This will output the value stored in the
variable name rather than outputting the
word ‘name’.

Now {2V this

Assignment
Values are assigned in assignment
statements using the = symbol.
SET firstName TO 'David’ or
_SET pricePerkKilo TO 30.
The variable value can be changed as
the program is running, €.g.
SET pricePerKilo TO pricePerKilo * 2
would increase the value to 60.
Constants are assigned as CONST REAL PI

or SET PI TO 3.142, for example, and used
in calculations:

SET areaOfCircle TO PI * radius?

é‘;%}@?k;ﬁ example

~ Identify the variables that are used in this

algorithm and state the purpose of each.

RECEIVE width FROM (REAL) KEYBOARD
SET area TO length * width
SEND area TO DISPLAY

The variables are:

length, width and area.
length and width store values that are

- input by the user, and area stores the result

of multiplying the length by the width.

&3

A student is writing an algorithm that allows a user to input their marks for five tests and then calculates

the average mark.

Identify two variables from the scenario that need to be created to store the data in the program. (2 marks)

2 3

"~ RECEIVE length FROM (REAL) KEYBOARD

(6 marks)

15
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Operators are used in algorithms to specify how values are to be manipulated.

Arithmetic operators in algorithms and programs

Arithmetic operators are used to perform calculations in algorithms and programs. The arithmetic
operators in the Edexcel pseuvdo-code are shown below.

Operator  Function - Example .
+ addition 13 + 9 = 22
SET totalScore TO scorel + score2 + score3
- subtraction 24 - 11 =13

SET moneyLeft TO totalMoney - moneySpent

multiplication

6 *9 =54
SET moneyTaken TO numberSold * unitPrice

/ division 36 / 5 =5.2
SET numberSold TO moneyTaken / unitPrice
MOD Modulus division 17 MOD 3 divides 17 by 3 and returns 2 as
Returns the remainder after the |17/3 = 5 with a remainder of 2.
division of one number by another | SET remainder to number MOD 2
DIV Quotient division 11 DIV 4 = 2
Returns the quotient or the SET completeHours TO minutes DIV 60
lowest integer
~ Exponential 373 =27
powers of SET area to Pi * radius * 2

Order of operations

You need to use the correct order of
operations in a calculation (BIDMAS).

Using BIDMAS

The equation

- number = 372 * 12 / (3*2) + 6

Brackets

Indices or powers would be evaluated in this order:

3";:’.'0";‘ a 372*12/6 + 6 brackets (3 X 2) = 6
ultiplication

Addlgon 9*12/6 + 6 index 32 =

Subtraction 9*2 + 6 division 12 + 6 = 2
L . 165+ 6 multiplication 9 x 2 =18
Norked example

Wor 24 addition 18 + 6 = 24

A chocolate factory packs 20 bars into each box.

KEYBOARD

Write an algorithm to calculate and output the
number of full boxes produced in a day.

RECEIVE numberOfBars FROM (INTEGER)

Q)
SET numberOfBoxes TO numberOfBars DIV 20

SEND numberOfBoxes & '
been produced.

' TO DISPLAY

(2 marks)

full boxes have

] In the exam, you will be expected to .
apply your knowledge and use arithme?nc
. operators in algorithms rather than being
\ cked to evaluate equations.
In this example, the DIV operator has
) been used as the algorithm has to output
the number of full boxes.

€3

Write an algorithm in pseudo-code that would allow a user to:
e input the number of items sold by a shop each day for 3 days
* calculate the total number of items sold

 calculate the mean number of items sold each day as an integer.

(3 marks)
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Relational operators are used to compare different items of data.

Relational operators

]

Operator | Function  Example
= Equal to IF length = width THEN
Checks if two values are equal. | sgnp 'Tt is a square.' TO DISPLAY
END IF
<> Not equal to IF length <> width THEN
Checks if two values are not SEND ‘It is not a square.' TO DISPLAY
equal to each other. END IF
< Less than IF myHeight < yourHeight THEN
Checks if one value is less SEND 'You are taller than me.' TO DISPLAY
than another. END IE
<= Less than or equal to IF myHeight <= yourHeight THEN
Checks if one value is less SEND 'I am taller than you.' TO DISPLAY
than or equal to another. END IF
> Greater than IF myHeight > yourHeight THEN
Checks if one value is greater SEND 'I am taller than you.' TO DISPLAY
than another. END IF
>= Greater than or equal to IF score >= passMark THEN .
Checks if one value is greater SEND 'You have passed.' TO DISPLAY |
‘lthan or equal to another. END IF

%’%"@rke@% example

states if it is higher, lower or equal to 5.

IF number > 5 THEN

SEND 'Higher than 5.' TO DISPLAY

.

Write an algorithm in pseudo-code which asks the
user to enter a number between 1 and 10 and then
(4 marks)

- RECEIVE number FROM (INTEGER) KEYBOARD  *

Comparing strings

These operators can be used with strings as
well as numbers. The strings are compared
alphabetically.

For example,

D is higher in the alphabet than C so David
is greater than Catherine.

‘Db’ is greater than 'Da’.

ELSE
_ IF number < 5 THEN ' Relational operators are used in [
SEND 'Lower than 5.' TO DISPLAY selection using IF..ELSE statements to
1 ELSE § fooﬂ;zi;i thehvaluebs of variables. The > and
| . : 3 Ors nave been used but the =
SEND 'You entered 5.' TO DISPLAY operator is not needed as the number st
END IF

‘Now try this

equal 5 if it is not less than nor greater [

than 5.

- Write an algorithm, in pseudo-code, that allows a user to enter two values as valuel and

value2 and which will switch the values, if necessary, so that they are in ascending order.

(2 marks)
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Logical operators are used to combine statements, or operands, which can be evaluated as true or false.

The AND operator

Using the AND operator ensures that the
overall statement is true only if all of the
individual statements are true.

IF numberl = 3 AND number2 =
10 THEN

SET result TO True
END IF

6 AND

For a result to be true they all have to be true
— they have to be equal to 3, 6 and 10.

The NOT operator

The NOT operator is used to reverse the
logical state of the other operators.

IF NOT (numberl = 3 OR number2 = 6)

~ THEN

SET result TO True
END IF

Without the NOT operator, the statement would
be true if either numberl = 3 or number2 = 6.
Therefore, with the NOT operator, both must
be false for the overall statement to be true.
Note the use of brackets. The statement inside
the brackets is evaluated before the condition
outside is applied.

The OR statement in the algorithm is enclosed
in brackets to make it easier for users to
follow the logic and to determine the order in
which the expressions are evaluated.

" number3 =

The OR operator

Using the OR operator ensures that the
overall statement is true if any of the individual
statements are true.

IF numberl = 3 OR number2 =
10 THEN

SET result TO True
END IF

6 OR

For a result to be true then any one or all of the
statements has to be true, e.g9. IF numberl = 3
then the overall statement is true even if the
other numbers are not 6 and 10.

State the output from this algorithm with these
values. At the start of the algorithm X =2, Y =6
and Z=9 1

IF (X = 3 OR Y = 6) AND NOT (Z=9) THEN
SEND 'Conditions are met' TO DISPLAY
ELSE

SEND 'Conditions are not met.' TO
DISPLAY

END IF (1 mark)
The output will be 'Conditions not met' ,

The OR statement in brackets is true as

Y is equal to 6. ‘ .
But the overall statement iS false as Z is

equal to 9 and it must NOT be equal to 9 for
the statement to be true.

@

A student is writing a program that will search data to find suitable restaurants. The cost of the meal
should be between £10 and £20. The type of food should be European or Asian and the restaurant should

be no more than 10 miles away.

Complete the following algorithm by inserting the missing line.

RECEIVE cost FROM (REAL) KEYBOARD
RECEIVE type FROM (STRING) KEYBOARD
RECEIVE distance FROM (REAL) KEYBOARD

SEND 'This restaurant is suitable.' TO DISPLAY

ELSE

SEND 'This restaurant is not suitable.

END IF

TO DISPLAY
(3 marks)
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There are three basic programming constructs used to control program flow — sequence, selection
and iteration. Sequence ensures that the commands are executed in the correct order and
selection functions by choosing between two or more options. Selection can be represented in
pseudo-code, flowcharts and written descriptions of algorithms.

Pseudo-code

IF/JELSE statements can be used if there are
only two possible outcomes.

RECEIVE number FROM (INTEGER) KEYBOARD
- IF number < 10 THEN
SEND 'This is a low number.' TO
DISPLAY
. ELSE
SEND 'This is a high number.' TO
DISPLAY
END IF

The ELSE statement is used to state what
should happen if the option in the IF statement
is not true.

Most programming languages have an ELSEIF
statement as these are more efficient. As soon
as the correct condition is found, the rest of
the options is not checked.

ELSE and IF

As there is no ELSEIF statement in the Edexcel
pseudo-code, multiple selection is done by
adding another IF construct under the ELSE
statement. This is the method for checking the
answer to a multiple-choice question.

- RECEIVE answer FROM (character)
KEYBOARD
- IF answer = 'A' OR answer = 'B' THEN

SEND 'Sorry, that is incorrect.' TO
DISPLAY

~ ELSE
IF answer = 'C' THEN
SEND 'Well done, that is correct.’

TO DISPLAY
ELSE
SEND 'That is not recognised.' TO
DISPLAY
END IF
END IF

You must remember to include an ‘END IF’ for
each |IF statement.

Flowcharts

Selection is also represented in flowcharts.

Is
number
< 10?_~

NO Inform user

| that this is a
high number -

YES

Inform user
that this is a

Selection is represented by this
low number P Y

symbol and the two options are
labelled YES and NO.

\ 4

End

Written descriptions

Usually the first stage in formulating an
algorithm is a written description. For example:
Ask user to enter a number

If the number is less than 10 then inform the
user that this is a low number.

If the number is greater than 10 then inform the

user that this is a high number.

- A bowling alley gives a 5% reduction in charge
- if there are four or more people on a lane and a
further 10% reduction if they are members.
~ Write the code that will calculate the final i
charge. (5 marks)
IF numberOfPeople >= 4 THEN 5
SET charge TO charge - (charge/100*5)
IF membership = 'Yes' THEN
SET charge TO charge - §
(charge/100*10)
END IF {
END IF
SEND 'The charge is ' & charge TO
DISPLAY

e MR M B e En 4n AN B B ol RS MR B R SR LA

o

‘Z@T’@rkeé& example

A shop gives a discount of 10% for purchases of £200 and over, up to a total discount of £300.
Write an algorithm, in pseudo-code, that would allow a user to calculate the discount. (4 marks)

] Nailed it! j Programming |
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Iteration is the process of repeating a set of instructions for a fixed number of times or until there
is a desired outcome. It is executed by program constructs called loops. Iteration is sometimes

referred to as repetition.

Count controlled iteration

Count controlled iteration is used when the
number of iterations is known before the loop
is started.

FOR loops

FOR loops instruct the loop to be executed for
a set number of times, e.g.

FOR turns FROM © TO 3 DO
SEND turns TO DISPLAY
END FOR

This would output O, 1, 2, 3

FOR loop with a STEP

A step can be defined so that all the numbers
are not used.

- FOR index FROM 2 TO 10 STEP 2 DO
SEND index TO DISPLAY
END FOR

The numbers 2, 4, 6, & and 10 would be
displayed.

FOR EACH

This construct is useful for traversing a string
or an array.

SET scores TO [9, 6, 7, 3, 9]
- FOR EACH score FROM scores DO
- SEND score TO DISPLAY

END FOR

@@rke@% example

~ Write an algorithm in pseudo-code that will print
out a times table for any number entered by a user.
The table should run from times 1 to 12.

FOR times FROM 1 TO 12 DO
SEND number & ' x ' & times & ' = '

& number * times TO DISPLAY
END FOR

o

(4 marks)
RECEIVE number FROM (INTEGER) KEYBOARD

Condition controlled iteration

Condition controlled iteration is used when
the number of times a loop is executed is
determined by a condition.

WHILE loops
WHILE loops continue while a condition remains
true and stop when it becomes false.

SET number TO ©
" WHILE number <> 3 DO
RECEIVE number FROM (INTEGER) KEYBOARD
END WHILE

The loop will continue while the number does not
equal 3. As soon as the number is equal to 3,
the condition becomes false and the loop will
stop.

REPEAT ... UNTIL loops

REPEAT ... UNTIL loops continue until a
condition becomes true.

- REPEAT
7 RECEIVE number FROM (INTEGER) KEYBOARD
UNTIL number = 3

In a WHILE loop the condition is tested at the
start of the loop and is called a pre-conditioned
loop but ina DO ... UNTIL loop it is tested at
the end and will therefore run at least once. It is
called a post-conditioned loop.

In the SEND statement, variables and text

have been concatenated (combined). They
are joined by the '&' symbol and the text
to be printed is enclosed in speech marks.

REPEAT ... TIMES
This loop will be repeated the number of
times indicated in the expression.

REPEAT 10 TIMES
RECEIVE score FROM (INTEGER) KEYBOARD

- END REPEAT

Write an algorithm in pseudo-code for a game that will generate a random number between 1 and 10 for
a user to guess. The user has three guesses. If they guess correctly they are told they are correct. If they do
not guess correctly, they are told the randomly generated number. (6 marks)





